REFERENCE 


Interface  Specification  for  a 
Suppiy  Chain  Simulation 


Y.  Tina  Lee 
Shigeki  Umeda 

U.S.  DEPARTMENT  OF  COMMERCE 
Technology  Administration 
Manufacturing  Systems  Integration  Division 
National  Institute  of  Standards 
and  Technology 
Gaithersburg,  MD  20899 


n:si  centennials 


QC 

100 

.U56 

#6832 

2001 


NIST 

Nafioital  Institufe  of  Standards 
and  Technology 

Technology  Administration 
U.S  Department  of  Commerce 


NISTIR  6832 


Interface  Specification  for  a 
Suppiy  Chain  Simuiation 


Y.  Tina  Lee 
Shigeki  Umeda 

U.S.  DEPARTMENT  OF  COMMERCE 
Technology  Administration 
Manufacturing  Systems  Integration  Division 
National  Institute  of  Standards 
and  Technology 
Gaithersburg,  MD  20899 


November  2001 


U.S.  DEPARTMENT  OF  COMMERCE 
Donald  L.  Evans,  Secretary 

TECHNOLOGY  ADMINISTRATION 
Phillip  J.  Bond,  Under  Secretary 
of  Comnnerce  for  Technology 

NATIONAL  INSTITUTE  OF  STANDARDS 

AND  TECHNOLOGY 

Karen  H.  Brown,  Acting  Director 


Interface  Specification  for  a Supply  Chain  Simulation 


Y.  Tina  Lee 

Manufacturing  Systems  Integration  Division 
National  Institute  of  Standards  and  Technology 
Gaithersburg,  MD  20899-8260 
USA 

Shigeki  Umeda’ 

Management  School 
Musashi  University 
1-26-1  Toyotama-kami 
Nerima-ku  Tokyo  176-8534 
Japan 


ABSTRACT 

This  paper  descnbes  the  scope  and  configuration  of  the  simulation  model  that  is  under  development 
for  a manufacturing  supply  chain.  An  information  model  that  serves  as  a neutral  interface 
specification  is  also  presented  in  the  paper.  The  supply  chain  simulation  model  described  here  is 
being  developed  to  validate  interface  specifications  as  part  of  the  Intelligent  Manufacturing 
Systems  (IMS)  Modeling  and  Simulation  Environments  for  Design,  Planning  and  Operation  of 
Globally  Distributed  Enterprises  (MISSION)  project  [1].  This  simulation  model  is  largely  based 
upon  the  practical  business  operations  of  a U.S.  power-tools  manufacturing  company.  The 
information  model  has  been  developed  using  the  IDEEIX  information  modeling  language  [2].  The 
information  model  can  ultimately  be  used  to  integrate  distributed  simulation  models  that  are 
developed  by  other  manufacturers  to  model  their  supply  chains. 

KEYWORDS 

Data  exchange,  IMS,  information  modeling,  MISSION,  simulation,  supply  chain,  supply  chain 
system 

1.0  Introduction 

The  Manufacturing  System  Integration  Division  (MSID)  of  the  United  States  National  Institute  of 
Standards  and  Technology  (NIST)  participates  in  the  Intelligent  Manufacturing  Systems  (IMS) 
Modeling  and  Emulation  Environments  for  Design,  Planning  and  Operation  of  Globally 
Distnbuted  Enterprises  (MISSION)  project  [1].  “The  goal  of  MISSION  is  to  integrate  and  utilise 
new,  knowledge-aware  technologies  of  distributed  persistent  data  management,  as  well  as 
conventional  methods  and  tools,  in  various  enterpnse  domains,  to  meet  the  needs  of  globally 
distributed  enterprise  modelling  and  simulation”  [1].  Currently,  there  are  three  MISSION  project 
teams:  the  U.S.  team,  the  Europe  team,  and  the  Japan  team. 
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A distributed  manufacturing  simulation  architecture  has  been  developed  by  the  NIST  MSID  to 
support  the  MISSION  project.  The  architecture  describes  the  major  system  modules,  data  elements 
or  objects,  and  interfaces  between  modules  [3].  The  purpose  of  the  architecture  is  to  identify  the 
software  building  blocks  and  interfaces  that  will  facilitate  the  integration  of  distributed  simulation 
systems  and  enable  the  integration  of  those  systems  with  other  manufacturing  software 
applications.  The  architecture,  however,  does  not  address  the  detailed  design  of  individual  modules 
and  the  information  models  for  shared  data  elements  or  objects.  The  emphasis  of  our  cuirent 
research  is  to  develop  an  information  model  and  to  build  a prototype  simulation. 

A prototype  supply  chain  simulation  is  being  developed  as  a test  case  for  MISSION  by  the  U.S. 
project  team.  In  an  early  planning  meeting  by  the  U.S.  team,  a common  interest  in  the  supply  chain 
simulation  was  expressed  by  the  simulation  software  vendors  participating  in  the  project.  A major 
objective  of  MISSION  is  to  enable  the  development  of  distributed  supply  chain  simulations  for 
globally  distributed  enterprises.  The  test  case  focuses  on  modules,  data  structures,  and  interfaces 
that  require  an  information  model. 

The  goal  of  supply  chain  management  is  to  integrate  suppliers,  manufacturers,  warehouses,  and 
stores  efficiently,  so  that  merchandise  is  produced  and  distributed  in  the  right  quantities,  at  the  right 
locations,  and  at  the  right  times  [4].  This  is  done  to  minimize  system-wide  costs  while  satisfying 
service  level  requirements.  In  a supply  chain  system,  an  individual  member  exchanges  data  with 
other  members  to  synchronize  their  business  operations.  These  exchanged  data  generally  include 
product  specification  data,  planning  data,  ordering  data,  and  inventory  data,  among  others.  These 
data  are  often  used  to  control  operations  in  an  individual  firm,  and  are  also  used  for  negotiation 
among  chain  members  that  form  a virtual  organization  to  provide  products  and  services  to 
customers. 

There  are  several  different  information  modeling  methodologies,  modeling  languages,  and 
implementation  methods  available  to  support  the  development  of  such  a communication 
mechanism  [5].  Our  approach  to  developing  this  communication  mechanism  and  the  data 
specification  are  listed  here; 

• Perform  a case  study  to  investigate  a real  supply  chain  system. 

• Identify  the  scope  of  the  target  application. 

• Identify  core  processes  of  supply  chain  management. 

• Design  the  prototype  supply  chain  simulation. 

• Design  the  distributed  simulation  system. 

• Analyze  communication  data  flow  and  identify  data  requirements. 

• Verify  the  data  requirements  using  the  prototype  system  and  the  distributed  system. 

• Layout  the  data  specification. 

• Implement  the  data  specification. 

This  paper  first  presents  a case  study  of  a supply  chain  company  group.  It  then  describes  the 
objective,  the  scope,  the  scenario,  and  the  tasks  that  are  supported  by  our  prototype  supply  chain 
simulation.  An  information  model  that  describes  the  data  requirements  to  support  data  sharing 
within  the  simulation  is  presented  before  the  conclusion  section. 
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2.0  Case  Study 


Successful  supply  chain  management  is  extremely  complex.  The  complexity  is  due  to  the  fact  that 
different  supply  chain  partners  may  have  different  and  possibly  conflicting  objectives,  and  that  the 
supply,  demand,  and  partner-to-partner  relationships  may  change  over  time.  A case  study  of  a 
supply  chain  company  group  that  manufactures  power  tools  has  been  performed  with  the  following 
goal; 

• to  understand  the  organization  of  an  entire  supply  chain  system, 

• to  understand  the  operation  process  within  a supply  chain  system,  and 

• to  identify  the  supply  chain  management  strategy  options. 

2.1  Organization  and  Functions 

Our  example  supply  chain  consists  of  suppliers,  manufacturing  centers,  warehouses,  distributors, 
and  retailers,  as  well  as  raw  materials,  parts,  finished  products,  and  outsourcing  companies,  such  as 
transportation  providers.  In  this  study,  attention  is  aimed  at  the  main  contract  company.  This  main 
contract  company  includes  a headquarters,  a final  assembly  plant,  and  several  warehouses.  The 
headquarters  of  this  contract  company  manages  the  information  flows  and  provides  the  products  to 
the  customers  through  the  retailers.  The  final  assembly  plant  manufactures  products  by  using  the 
parts  provided  from  the  parts  suppliers,  and  the  finished  products  are  then  sent  to  the  warehouses  or 
the  distributors.  The  warehouses  store  the  distribution  inventories  and  supply  the  products  to  the 
retailers.  Other  supply  chain  members,  including  the  part  suppliers,  distributors,  retailers,  and 
transportation  providers,  are  independent  firms.  The  part  suppliers  provide  manufacturing  parts  to 
the  final  assembly  plant.  The  distributors  provide  finished  products  to  the  retailers  as  required  or 
according  to  other  independent  contracts.  The  retailers  receive  the  finished  products  from  the 
warehouses  or  from  the  distributors,  and  the  finished  products  are  then  shipped  to  the  customers. 
The  transportation  providers  deliver  the  parts  or  finished  products  to  the  required  destinations. 
These  transportation  services  are  performed  by  third-party  logistics  service  companies,  in  other 
words,  the  transportation  providers  are  outsourcing  companies. 

The  headquarters,  a final  assembly  plant,  and  the  warehouses  belong  to  the  same  company.  They 
can  share  management  information  at  any  time  by  using  a common  management  database.  The 
other  chain  members  are  basically  organizations  of  the  other  companies,  which  are  independent  of 
each  other.  This  is  a typical  example  of  a supply  chain  system  in  discrete  manufacturing. 

2.2  Planning  and  Operations 

The  supply  chain  members  form  a business  partnership.  Therefore,  all  chain  members  are  business 
partners  who  carry  a common  goal  to  provide  products  to  customers  on  time.  However,  these 
partners  have  independent  management  policies  and  they  pose  different  management  strategies  to 
make  their  own  profit.  The  headquarters,  in  this  case,  plays  an  important  role  in  managing 
information  flows  and  product  flows  in  the  entire  supply  chain. 

The  operations  discussed  in  this  case  study  use  a short-range  planning  strategy.  The  short-range 
planning  usually  deals  with  issues  for  three  months  or  less  in  duration.  The  general  concern  for 
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short-range  plans  is  in  the  area  of  production  planning.  The  planning  in  this  study  uses  computer- 
based  tools  such  as  MRP  (Material  Requirement  Planning  or  Manufacturing  Resource  Planning), 
MPS  (Master  Production  Schedule),  or  CRP  (Capacity  Requirement  Planning);  and  taps  the 
knowledge  of  the  manufacturing  practitioners.  This  study  uses  a preliminary  production  plan  with 
rough  estimates  provided  by  the  manufacturers  or  supervisors.  The  study  does  not  include  product 
design  operations  and  maintenance  operations. 

The  finished  products  are  provided  to  the  retailers  from  either  the  distributors  or  the  main  contract 
company’s  warehouses.  Thus,  the  supply  chain  system  shows  two  streams  of  product  flows; 

• Type  1:  the  finished  products  flowed  through  the  distributors. 

• Type  2:  the  finished  products  flowed  through  the  warehouses. 

The  final  assembly  plant  pushes  out  the  type  2 products  to  the  warehouses,  and  then  the  retailer 
pulls  these  type  2 products  from  the  warehouses.  On  the  other  hand,  the  type  1 products  are  pulled 
from  the  final  assembly  plant  to  the  distributors,  and  then  pulled  again  to  the  retailers.  This 
distribution  system  is  the  typical  hybrid  push-pull  system.  About  80%  of  the  products  are  type  2 
products,  and  the  rest  are  type  1 products. 

2.3  Observations 

In  the  case  study,  the  outsourcing  companies  provide  the  transportation  services.  Today,  many 
supply  chain  companies  use  third-party  logistics  service  providers.  Dell,  IBM,  and  Toyota  are 
successful  examples  that  use  prime  contractors  to  manage  chain  operations.  Third-party  logistics  is 
simply  the  use  of  an  outside  company  to  perform  all  or  part  of  the  company’s  logistics 
responsibilities,  such  as  material  management  or  product  distribution.  The  range  of  activities 
performed  by  the  third-party  logistics  service  providers  has  expanded  from  warehousing, 
transportation,  to  a full  range  of  logistics  services  since  the  I980’s.  Third-party  logistics  service 
providers  allow  a company  to  focus  on  the  company’s  particular  area  of  expertise,  and  leave  the 
logistics  activities  to  the  logistics  experts.  Loss  of  control,  however,  is  the  most  outstanding 
disadvantage. 


The  hybrid  push-pull  distribution  system  is  used  in  this  case.  Supply  chain  systems  may  use  two 
types  of  distribution  systems:  push  and  pull  systems.  In  a push  system,  production  decisions  are 
based  on  long-term  forecasts,  while  in  a pull  system,  production  decisions  are  based  on  customer 
demands.  It  was  suggested  that  if  possible,  it  is  usually  more  effective  to  implement  a pull-based 
system,  and  many  firms  are  taking  or  have  taken  this  pull  approach  [51.  However,  it  is  not  always 
practical  to  implement  a pull  system  throughout  the  entire  supply  chain.  Therefore,  there  are  cases, 
the  combination  of  push  and  pull  systems,  or  the  hybrid  push-pull  distribution  system,  is  applied 
within  a single  supply  chain.  In  this  strategy,  the  initial  stages  of  the  supply  chain  use  a push 
system,  and  the  remaining  stages  use  a pull  system.  This  is  accomplished  by  producing  a good 
amount  of  products  in  the  first  stages,  and  then  the  production  takes  place  as  a reaction  to  market 
demand.  A hybrid  push-pull  system  is  often  a good  alternative  distribution  method. 

The  supply  chain  members,  in  this  study  case,  form  a partnership.  The  headquarters  manages  and 
controls  communication  information  and  product  flow.  The  model  uses  the  concept  of  the 
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centralized  control  distribution  system.  In  a centralized  system,  all  decisions  are  made  at  a central 
location  for  the  entire  supply  chain  system.  All  chain  members  can  have  access  to  the  same  data,  if 
not  proprietary.  Information  can  also  be  accessed  from  any  location  in  the  supply  chain.  Very  often 
a centralized  system  cannot  be  implemented,  because  different  chain  members  in  the  supply  chain 
may  have  different,  conflicting  objectives.  Forming  business  partnerships  may  be  a way  to  take 
advantage  of  a centralized  distribution  system. 

3.0  Supply  Chain  Simulation 

The  U.S.  MISSION  project  team  has  been  working  on  the  development  of  a supply  chain 
simulation  as  a test  case  for  evaluating  the  quality  of  the  supply  chain  model  and  validating 
interface  specifications  for  MISSION.  This  supply  chain  simulation  will  be  a prototype,  global 
supply  chain  system.  This  section  provides  a description  of  the  objective,  the  scope,  and  the 
scenario  of  the  system. 

3.1  Simulation  Objective 

Successful  supply  chain  management  is  extremely  complex.  There  are  multiple  reasons  for  this 
complexity.  Different  supply  chain  partners  may  have  different,  and  possibly  conflicting, 
objectives.  The  supply  and  demand  for  goods  may  change  over  time.  The  nature  of  partner-to- 
partner  relationships  may  also  change  over  time.  The  advantage  of  having  a simulation  of  either  a 
proposed  system  or  existing  system  is  that  it  can  be  used  to  design  and  optimize  the  system.  The 
use  of  simulation  allows  a manager  or  engineer  to  analyze  and  to  view  system-wide  effects  of 
proposed  changes,  in  a ranging  level  of  detail.  The  analysis  results  can  then  be  used  to  support 
tradeoff  studies,  management  and  engineering  decisions,  and,  consequently,  enhance  the  system. 
The  simulation  also  allows  the  validation  of  the  interface  specifications  defined  by  the  MISSION 
project. 

The  objective  of  the  supply  chain  simulation  is  to  examine  issues  specific  to  globally  distributed 
simulation  systems  through  the  use  of  the  supply  chain  simulation.  Issues  that  may  be  examined 
include: 

1.  How  information  is  exchanged  within  the  supply  chain? 

The  facilitation  and  control  of  information  exchange,  both  internally  and  externally,  is 
extremely  important  to  synchronize  the  business  operations  within  a supply  chain.  An 
information  model  that  supports  the  communication  within  the  supply  chain  simulation  is 
being  designed  and  developed.  With  the  supply  chain  simulation,  this  information  model  will 
be  tested  and  enhanced  for  it’s  correctness,  completeness,  and  effectiveness. 

2.  What  is  the  expected  performance  of  the  system? 

There  are  many  possible  measures  of  performance  for  a system.  Four  categories  of  such 
measures  are  important  in  practice: 

• Time 
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Cost 

Quality 

Inventory 


The  performance  issues  addressed  here  includes: 

• cost  study:  use  transportation  cost,  and  manufacturing  cost  as  the  measures  of 
performance, 

• time-in-system  study:  use  assembly  time,  time  that  parts/products  spend  waiting  for 
transport,  time  that  parts/product  spend  in  transport,  time  that  parts/products  spend  in 
queues,  and  time  spent  between  process  steps  as  the  measures  of  performance, 

• throughput  study:  use  the  throughput  as  its  measure  of  performance,  and 

• inventory  study:  use  inventory  duplication  and  safety  stock  as  the  measures  of 
performance. 

Some  process  chain  planning  may  use  the  above  study  results  to  perform  the  decision  making 
on  various  supply  chain  business  operations,  such  as  location  planning  of  inventory  bases, 
resource  capacity  planning,  volume  planning  of  inventories,  and  others. 

Several  possible  performance  factors  or  decision  variables  that  might  have  the  greater  impact 
on  the  performance  measures  of  interest  are  building  into  this  supply  chain  simulation  and  the 
proposed  information  model.  The  key  decision  variables  included  in  the  information  model 
are  as  follows: 

• the  projected  product  volume  of  demand, 

• each  product’s  quantity  and  cost  in  a manufacturing  order, 

• the  transportation  requirements,  including  upstream  and  downstream  company 
locations,  estimated  starting  and  ending  dates,  and  maximum  weight  allowed, 

• each  product’s  weight  and  quantity,  and  total  weight  and  cost  in  a transportation  order, 
such  as  the  order  from  the  retailer  to  the  distributor, 

• the  status  of  the  transportation  activity,  including  on  time,  days  and  reason  of  delay,  and 
cancellation, 

• part’s  quantity,  time  requirement,  and  estimated  cost  in  a parts  delivery  order, 

• the  quantity  of  parts  delivered  from  the  supplier, 

• total  weight,  total  products  cost,  shipping  cost,  time  requirement,  and  each  product’s 
weight  and  quantity  of  the  order  sent  to  the  transporter  for  delivering  the  products, 

• each  product’s  safety  stock  criteria  in  the  warehouse, 

• the  total  cost,  time  requirement,  each  product’s  quantity  and  cost  in  a purchase  order, 

• the  replenishment  point  of  the  products  for  the  warehouse, 

• the  time  requirement  and  the  quantities  of  the  products  that  shipped  from  the  warehouse 
to  the  retailer,  and 

• throughput  data  for  the  manufacturing  execution  report. 

3.2  Simulation  Model  Scope 
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The  characteristics  of  the  scope  of  the  supply  chain  simulation  are: 

• Span  across  multiple  businesses  and  organizations. 

• Simulate  multiple  levels  of  manufacturing  systems. 

• Use  a hybrid  push-pull  distribution  system  for  product  distribution. 

• Include  multiple  software  simulation  modules  in  different  geographical  locations. 

• Comprise  multiple  functional  modules,  such  as  simulation  engines,  display  systems,  and 
analysis  tools. 

The  following  manufacturing  activities  are  within  the  scope  of  the  supply  chain  simulation: 

• Production  planning,  scheduling,  and  control. 

• Transportation  planning  and  scheduling. 

• Matenals/parts/products  flow  within  the  final  assembly  plant  (and  possibly  suppliers). 

• Inventory  control. 

• Cost  control. 

• Data  communications  between  business  functions. 

The  following  are  outside  the  scope  of  the  supply  chain  simulation: 

• Product  design. 

• Cost  estimation. 

• Process  flow. 

• Facility  layout. 

• Equipment  requirements. 

• Legal,  tax,  and  regulatory  requirements. 

• Human  resources  requirements. 

• Human  communications. 

3.3  Demonstration  Scenario 

In  this  section,  the  configuration  of  the  supply  chain  simulation  is  described.  The  configuration  is 
based  on  a previous  case  study  of  a U.S.  power-tools  manufacturing  supply  chain.  The  chain 
includes  supply  chain  members,  information  flows,  and  product  flows.  There  are  seven  major 
types  of  organizational  units  included  in  the  supply  chain: 

• A supply  chain  headquarters. 

• Parts  suppliers  (3). 

• Warehouse. 

• Retailers  (3). 

• Distributor. 

• A final  assembly  plant. 

• A transportation  network. 

Figure  I shows  the  configuration  of  this  supply  chain  simulation.  The  simulation  system  consists 
of  suppliers,  manufacturing  centers,  warehouses,  distributors,  and  retailers,  as  well  as  raw 
materials,  parts,  finished  products,  and  outsourcing  companies,  such  as  transportation  providers. 
The  headquarters  monitors  the  information  flows  and  provides  the  products  to  the  customers 
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through  the  retailers.  The  final  assembly  plant  assembles  finished  goods  from  the  components 
provided  by  the  suppliers.  At  least  three  production  lines  within  the  assembly  plant  will  be 
modeled  in  detail.  The  final  assembly  plant  manufactures  products  by  using  the  parts  provided  from 
the  parts  suppliers;  the  finished  products  are  then  sent  to  the  warehouse  or  to  the  distributor.  The 
warehouse  stores  inventory  and  supplies  products  to  the  retailers.  Other  supply  chain  members, 
including  the  part  suppliers,  distributors,  retailers,  and  transportation  providers,  may  be 
independent  firms.  The  part  suppliers  provide  manufacturing  parts  to  the  final  assembly  plant.  The 
distributors  provide  finished  products  to  the  retailers  as  required  or  according  to  other  independent 
contracts.  The  retailers  receive  the  finished  products  from  the  warehouses  or  from  the  distributors, 
and  the  finished  products  are  then  shipped  to  the  customers.  The  transportation  providers  deliver 
the  parts  or  finished  products  to  the  required  destinations.  This  supply  chain  simulation  uses  a 
hybnd  push-pull  distribution  system.  Simulation  models  of  the  above  supply  chain  components  are 
being  developed  using  the  U.S.  MISSION  partners’  simulation  tools  such  as  Arena,  AutoMod, 
Microsaint,  ProModel,  and  Quest. 


Legend: 

D = Distributor 
FA  = Final  Assembly  Plant 
HQ  = Headquarters 
R = Retailer 
S = Supplier 

TN  = Transportation  Network 
W = Warehouse 


Figure  1.  The  configuration  of  the  supply  chain  simulation 


3.4  Data  Requirements 

This  section  specifies  the  information  required  for  communicating  among  the  supply  chain 
simulation.  A communication  data  flow  analysis  of  the  supply  chain  simulation  was  perfoimed. 
This  analysis  focuses  on  the  minimal  set  of  data  that  needs  to  be  exchanged  between  members  of 
the  supply  chain.  As  a result,  a set  of  data  requirements  used  to  communicate  among  the  supply 


chain  members  has  been  identified.  Local  data  required  by  supply  chain  members  is  not  contained 
within  the  requirements  list.  These  data  requirements  are  a set  of  messages  or  entities;  they  are 
grouped  into  nine  units  of  functionality: 

• Generic  Order. 

• Generic  Order  Response. 

• Shipping  Order. 

• Shipping  Order  Response. 

• Product  Forecast. 

• Product  Forecast  Response. 

• Manufacturing  Production  Report. 

• Truck  Dispatch  Order/Log. 

• Shipment  Report. 

• Transport  Request. 

• Transport  Request  Response. 

The  structure  of  each  message/object  is  presented  in  the  Appendix.  Nine  tables  are  included  in  the 
Appendix,  each  shows  the  attribute  name,  data  type,  and  sample  data  of  each  attribute  included  in 
the  message. 

4.0  Information  Model 

This  section  presents  an  information  model  that  describes,  with  the  IDEFIX  methodology,  the  data 
requirements  listed  in  Subsection  3.4.  This  model  represents  the  structure  of  the  data  requirements 
that  support  the  communication  data  interchange  within  the  supply  chain  simulation.  IDEFIX  is  a 
graphical  representation  and  has  been  designed  using  the  entity-relationship  approach  and  the 
relational  theory.  The  information  model  is  presented  in  Diagrams  1-6  (refer  to  pages  11-16.) 

• Diagram  1 defines  the  entities  of  Generic  Order  and  Generic  Order  Response. 

• Diagram  2 defines  the  entities  of  Shipping  Order  and  Shipping  Order  Response. 

• Diagram  3 defines  the  entities  of  Manufacturing  Production  Report  and  Shipment  Report. 

• Diagram  4 defines  the  entity  of  Product  Forecast. 

• Diagram  5 defines  the  entity  of  Truck  Dispatch  Order  and  Log. 

• Diagram  6 defines  the  entities  of  Transport  Request  and  Transport  Request  Response. 

5.0  Conclusion 

The  manufacturing  industry  has  become  much  more  interested  in  supply  chain  management  over 
the  past  several  years.  At  the  same  time  information  technology  becomes  an  important  enabler  for 
effective  supply  chain  management.  With  appropriate  information  models  that  support  information 
sharing  among  supply  chain  members,  the  supply  chain  can  be  integrated  seamlessly.  Thus, 
communications  among  chain  members  may  go  directly,  and  better  customer  value  performance, 
shorter  lead  time,  and  even  lower  production  and  manufacturing  costs  can  be  expected. 

The  paper  specifies  a prototype  system  of  a supply  chain  simulation.  It  also  presents  an  information 
model  that  provides  a framework  of  communication  data  in  the  prototype  supply  chain  simulation. 
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The  prototype  system  is  developed  to  support  the  international  MISSION  project  to  demonstrate 
the  feasibility  of  a globally  distributed  virtual  enterprise.  The  prototype  system  and  information 
model  specified  in  this  report  has  been  implemented  using  an  NIST-developed  Distributed 
Manufacturing  Systems  Adapter  [3].  It  is  anticipated  that  the  implementation  of  this  prototype 
system  will  be  carried  out  at  multiple  geographical  locations  simultaneously. 

The  prototype  system  is  intended  for  the  MISSION  project  only  and  will  not  be  generic  enough  for 
the  general  purpose  application.  NIST  is  currently  working  on  the  design  and  development  of  a 
simulation  model  for  a virtual  supply  chain  enterprise.  The  goal  of  this  model  is  to  support  the 
users  to  make  strategic  decisions  for  improving  the  performance  of  the  supply  chains.  This 
decision  support  will  serve  many  supply  chain  activities,  such  as  physical  distribution,  physical 
supply,  and  manufacturing  planning  and  control. 
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Diagram  1:  Data  Structures  of  Generic  Order  and  Generic  Order  Response 
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Diagram  2:  Data  structures  of  Shipping  Order  and  Shipping  Order  Response 
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Diagram  3:  Data  structures  of  Product  Forecast  and  Product  Forecast  Response 


Diagram  4:  Data  structures  of  Manufacturing  Production  Report  and  Shipment  Report 
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Diagram  5:  Data  Structure  of  Truck  Dispatch  Order/Log 
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This  appendix  contains  nine  tables.  Each  table  lists  the  data  structure  of  one  entity  that  is  presented  in  the  data 
requirement  list.  Three  columns  and  several  lines  are  presented  in  each  table.  The  number  of  lines  in  each  table  is 
determined  by  the  number  of  attributes  included  in  the  entity.  The  columns  identify  the  name,  the  data  type,  and  an 
example  of  the  attribute. 
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